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23. 6x 2 + 9y 2 = 54 => f + ¿ = 1 24. 169x 2 + 25y 2 = 4225 => g = 1 

=> c = Va 2 - b 2 = v/9-6 = => c = Va 2 - b 2 = ^169- 25 = 12 

y 


25. Foci: ^ ± \/2, í)j , Vértices: ( ± 2,0) => a = 2, c = \fl =>■ b 2 = a 2 — c 2 = 4 — ( y^2j —2 =>■ ^ + y 

26. Foci: (0, ± 4), Vértices: (0, ± 5) => a = 5, c = 4 => b 2 = 25 - 16 = 9 =>• f + ¿ = 1 





27. x 2 — y 2 = 1 => c = \J a 2 + b 2 = 1 + 1 = \/2; 

asymptotes are y = ± x 


28. 9x 2 - 16y 2 = 144 =*► ¿ ¿ = 1 

=> c = Va 2 + b 2 = ^16 + 9 = 5; 
asymptotes are y = ± | x 



29. y 2 - x 2 = 8 => ¿ - f = 1 =► c = y/a 2 + b 2 
= \/% + 8 = 4; asymptotes are y = ± x 


30. y 2 - x 2 = 4 => ¿ — j- — 1 => c = v^ 2 + b 2 

= -^4 + 4 = 2y2; asymptotes are y = ± x 
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31. 8 x 2 - 2y 2 = 16=» y — ^ = 1 =» c = \/a 2 + b 2 
= \¡2 + 8 = a/To; asymptotes are y = ± 2 x 



33. 8 y 2 - 2x 2 = 16=» ^ — y = 1 =»c = -y/a 2 + b 2 
= y / 2+~8 = ; asymptotes are y = ± | 


y 


Vio 






- 

- - 



-Vio 

-F 2 


32. y 2 - 3x 2 = 3 =» ¿ - x 2 = 1 =» c = ^a 2 + b 2 
= 3 + 1 = 2; asymptotes are y = ± \/3x 



34. 64x 2 - 36y 2 = 2304 =»g-¿ = l^> c = y/a 2 + b 2 
= y/36 + 64 = 10; asymptotes are y = ± | 



35. Foci: ^0, ± y/íj , Asymptotes: y = ± x =» c = y/2 and g = 1 =» a = b =» c 2 = a 2 +b 2 = 2a 2 =» 2 = 2a 2 

=» a = 1 =» b = 1 =» y 2 — x 2 = 1 

36. Foci: ( ± 2,0), Asymptotes: y = ±-^x =» c = 2 and | = -^ =» b = ^ =» c 2 = a 2 +b 2 = a 2 + y = ^ 

=» 4 = =» a 2 = 3 =» a = y/3 =» b = 1 =» ^ - y 2 = 1 


37. Vértices: (±3,0), Asymptotes: y = ±|x =» a = 3 and ^ = | =» b = | (3) = 4 =» y — fg = 1 


38. Vértices: (0, ± 2), Asymptotes: y = ±|x =» a = 2 and 5 = 5 =» b = 2(2) = 4 =» y — y 2 = 1 


39. (a) y 2 = 8 x =» 4p = 8 =» P = 2 =» directrix is x = —2, 
focus is ( 2 , 0 ), and vertex is ( 0 , 0 ); therefore the new 
directrix is x = — 1, the new focus is (3, —2), and the 
new vertex is ( 1 , — 2 ) 
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40. (a) x 2 = —4y => 4p = 4 => p = 1 =>■ directrix is y = 1, (b) 

focus is ( 0 , — 1 ), and vertex is ( 0 , 0 ); Üierefore the new 
directrix is y = 4, the new focus is (—1,2), and the 
new vertex is (— 1 ,3) 



41. (a) |g + ^ = 1 => centeris (0,0), vértices are (—4,0) 
and (4,0); c = \/a 2 — b 2 = \fí =>■ foci are i^sfí, 0^ 

and 0^ ; therefore the new center is (4, 3), the 

new vértices are (0,3) and ( 8 , 3), and the new foci are 

(4 ± yfl , 3 ) 



42. (a) ^ ^ = 1 =>• center is (0,0), vértices are (0,5) (b) 

and (0, —5); c = i/a 2 — b 2 = \/l6 = 4 =>■ foci are 
(0,4) and (0, —4); therefore the new center is (—3, —2), 
the new verdees are (—3,3) and (—3, —7), and the new 
foci are (—3,2) and (—3, — 6 ) 



43. (a) yg ~ \ — 1 =>- center is (0,0), verdees are (—4,0) 
and (4, 0), and the asymptotes are * = ± | or 
y — ± ^ ; c = a/ a 2 + b 2 = y/25 = 5 => foci are 
(—5,0) and (5,0); therefore the new center is (2,0), the 
new verdees are (— 2 , 0 ) and ( 6 , 0 ), the new foci 
are (—3,0) and (7,0), and the new asymptotes are 
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44. (a) — y = 1 =>■ center is (0,0), vértices are (0, —2) 

and (0,2), and the asymptotes are | = ± or 

y = ±-^;c=y/a 2 +b 2 = y/9 = 3 =+ foci are 

(0, 3) and (0, —3); therefore the new center is (0, —2), 
the new vértices are (0, —4) and (0,0), the new foci 
are (0, 1) and (0, —5), and the new asymptotes are 
y + 2 = ±% 


(b) 


(v + 2) 2 2L i 

y 4 5 



45. y 2 — 4x => 4p = 4 =>■ p=l => focus is (1, 0), directrix is x — — 1, and vertex is (0,0); therefore the new 
vertex is (—2, —3), the new focus is (— 1, —3), and the new directrix is x = —3; the new equation is 
(y + 3) 2 = 4(x + 2) 


46. y 2 = — 12x =+4p=12=>p = 3=>- focus is (—3,0), directrix is x = 3, and vertex is (0,0); therefore the new 
vertex is (4,3), the new focus is (1,3), and the new directrix is x = 7; the new equation is (y — 3 ) 2 = — 12(x — 4) 

47. x 2 = 8 y => 4p — 8 => p = 2 => focus is (0, 2), directrix is y = —2, and vertex is (0,0); therefore the new 

vertex is (1, —7), the new focus is (1, —5), and the new directrix is y = —9; the new equation is 

(X- l ) 2 = 8 (y + 7) 

48. x 2 = 6y +• 4p = 6 =>■ p = | => focus is (0, |) , directrix is y = — |, and vertex is (0,0); therefore the new 

vertex is (—3, —2), the new focus is (—3, — |) , and the new directrix is y = — \ ; the new equation is 

(x + 3 ) 2 = 6 (y + 2) 

49. y + y = 1 =>■ center is (0, 0), vértices are (0, 3) and (0, —3); c = \/a 2 — b 2 = y/9 — 6 = y/3 =>• foci are ^0, y/3 j 

and ^0, — y/3^ ; therefore the new center is (—2, —1), the new vértices are (—2,2) and (—2. —4), and the new foci 
are 2, — 1 ± y/3^ ; the new equation is (x + (y+ 9 1) — 1 

50. ^/ + y 2 = 1 +> center is (0,0), vértices are ^ y/2, 0^) and y/2,0 j ; c = y/a 2 — b 2 = y/2—1 = 1 =>• foci are 

(—1,0) and (1, 0); therefore the new center is (3,4), the new verdees are ^3 ± y/2,4^ , and the new foci are (2,4) 

and (4,4); the new equation is tx T, 3) + (y — 4) 2 = 1 

51. y + \ = 1 =4- center is (0,0), verdees are ^y/3, 0^ and y/3,0 j ; c = y/a 2 — b 2 = y/3 — 2 = 1 => foci are 

(—1,0) and (1, 0); therefore the new center is (2, 3), the new verdees are ^2 ± y/3,3^ , and the new foci are (1,3) 

and (3,3); the new equation is (x + (y ~ j) = 1 

52. fg + 95 = 1 =+ center is (0,0), vértices are (0,5) and (0, —5); c = y/a 2 — b 2 = y/25 — 16 = 3 =>■ foci are 

(0, 3) and (0, —3); therefore the new center is (—4, —5), the new verdees are (—4, 0) and (—4, —10), and the new 
foci are (—4, —2) and (—4, — 8 ); the new equation is (x / 6 4) + (y / 5 S) = 1 

53. y — y = 1 => center is (0, 0), verdees are (2,0) and (—2,0); c = y/a 2 + b 2 = y/4 + 5 = 3 =+ foci are (3, 0) and 

(—3,0); the asymptotes are ± f = -^ => y = ± ; therefore the new center is (2,2), the new verdees are 
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(4,2) and (0,2), and the new foci are (5,2) and (— 1,2); the new asymptotes are y — 2 = ± 

equation is íx ~ 4 2) — (y ^ 2) = 1 


_l y/5(x-2) 


; the new 


54. |g — \ = 1 =+ center is (0,0), vértices are (4. 0) and (—4,0); c = \/a 2 + b 2 = y/l6 + 9 = 5 => foci are (—5, 0) 

and (5,0); the asymptotes are ± | | y = ± 3 4 x ; therefore the new center is (—5, —1), the new vértices are 

(—1, —1) and (—9, —1), and the new foci are (—10, —1) and (0, —1); the new asymptotes are y + 1 = ± 3(x ^~ 5) ; 
the new equation is (x ^ 6 5) — (y ~^ 1) = 1 

55. y 2 — x 2 = 1 => center is (0,0), vértices are (0,1) and (0, — 1); c = y/ a? + b 2 = \/1 + 1 = y/2 => foci are 

^0, ± y/Z/j ; the asymptotes are y = ± x; therefore the new center is (— 1, — 1), the new vértices are (—1,0) and 

(—1, —2), and the new foci are 1, — 1 ± y//j ; the new asymptotes are y + 1 = ± (x + 1); the new equation is 
(y + l) 2 - (x + l) 2 = 1 

56. — x 2 = 1 => center is (0,0), vértices are ^0, y/3 j and ^0, — y/^j ; c = y/a? + b 2 = y/3~+l = 2 =>■ foci are (0, 2) 

and (0, —2); the asymptotes are ± x = =+ y = ± y/3x; therefore the new center is (1,3), the new vértices are 

^1, 3 ± y/3j , and the new foci are (1, 5) and (1, 1); the new asymptotes are y — 3 = ± y/3 (x — 1); the new equation is 
(x — l) 2 = 1 

57. x 2 + 4x + y 2 = 12 => x 2 + 4x + 4 + y 2 = 12 + 4 => (x + 2) 2 + y 2 = 16; this is a circle: center at C(—2,0), a = 4 


(y - 3>- 
3 


58. 2x 2 + 2y 2 - 28x + 12y + 114 = 0 => x 2 - 14x + 49 + y 2 + 6y + 9 = -57 + 49 + 9 => (x - 7) 2 + (y + 3) 2 = 1; 
this is a circle: center at C(7, —3), a = 1 

59. x 2 + 2x + 4y — 3 = 0 => x 2 + 2x + 1 = —4y + 3+1 =+■ (x + l) 2 = —4(y — 1); this is a parabola: V(—1,1), F(—1,0) 

60. y 2 - 4y - 8x — 12 = 0 => y 2 - 4y + 4 = 8x + 12 + 4 +> (y - 2) 2 = 8(x + 2); this is a parabola: V(-2,2), F(0,2) 

61. x 2 + 5y 2 + 4x = 1 => x 2 + 4x + 4 + 5y 2 = 5 =+ (x + 2) 2 + 5y 2 = 5 => (xH s 2)2 + y 2 = 1; this is an ellipse: the 

center is (—2,0), the vértices are ^—2 ± y/5, 0j ; c = y/ai 2 — b 2 = y/5 — 1 = 2 => the foci are (—4, 0) and (0,0) 

62. 9x 2 + 6y 2 + 36y = 0 =>■ 9x 2 + 6 (y 2 + 6y + 9) = 54 +> 9x 2 + 6(y + 3) 2 = 54 => ^ + (y ~t 3) = 1; this is an ellipse: 


the center is (0, —3), the verdees are (0,0) and (0, —6); c = y/a? — b 2 = y/9 — 6 = y/3 +> the foci are ^0, —3 

63. x 2 + 2y 2 — 2x — 4y = — 1 +> x 2 - 2x + 1 + 2 (y 2 - 2y + 1) = 2 => (x - l) 2 + 2(y - l) 2 = 2 
=+ (x ~ lj + (y — l) 2 = 1; this is an ellipse: the center is (1, 1), the verdees are ^1 ± \J~2, lj ; 
c = y/a? — b 2 = y/2 — í = 1 => the foci are (2,1) and (0,1) 


± v 3 


64. 4x 2 + y 2 + 8x — 2y = —1 +> 4 (x 2 + 2x + 1) + y 2 - 2y + 1 = 4 => 4(x + l) 2 + (y - l) 2 = 4 
=+ (x + l) 2 + 1 y 4 11 = 1; this is an ellipse: the center is (—1,1), the verdees are (—1,3) and 
(—1, — 1); c = y/a? — b 2 = y/4 — 1 = y/3 +> the foci are 1,1 ± v/3^j 
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65. x 2 - y 2 - 2x + 4y = 4 => x 2 - 2x + 1 - (y 2 - 4y + 4) = 1 => (x - l) 2 - (y - 2) 2 = 1; this is a hyperbola: 

the center is (1,2), the vértices are (2,2) and (0,2); c = \/a 2 + b 2 = y^T+T = y/2 => the foci are ^1 ± V~2,2); 

the asymptotes are y — 2 = ± (x — 1) 

66. x 2 — y 2 -|- 4x — 6y — 6 => x 2 + 4x + 4 — (y 2 + 6y + 9) = 1 => (x + 2) 2 — (y + 3) 2 = 1; this is a hyperbola: 

the center is (—2, —3), the vértices are (—1, —3) and (—3, —3); c = -^a 2 + b 2 = \J 1 + 1 = y/2 =>• the foci are 

^—2 ± y/2, — 3 ) ; the asymptotes are y + 3 = ± (x + 2) 


67. 2x 2 - y 2 + 6 y = 3 => 2x 2 - (y 2 - 6 y + 9) = - 
the vértices are ^0, 3 ± y/ó) ; c = y/a 2 + b 2 = 

£ = ±T7i => ?= ±^ + 3 


(y fi 3) -y = 1; this is a hyperbola: the center is (0, 3), 

3 = 3 => the foci are (0, 6 ) and (0,0); the asymptotes are 


68 . y 2 - 4x 2 + 16x = 24 =>• y 2 - 4 (x 2 - 4x + 4) = 8 => ¿ - 


= 1 ; this is a hyperbola: the center is ( 2 , 0 ), 


the vértices are 

y _ 4. x-2 . 

' x/2 


( 2 , ± y/8) ; 


c = y/a 2 + b 2 = 


= y/l 0 => the foci are ^ 2 , ± y/Ib) ; the asymptotes are 


y = ± 2 (x — 2 ) 


9 V 2 

69. (a) y-* = kx =>• x = y ; the volume of the solid formed by 

X \/kx / 2 \ 2 

7 T ( y J dy 

= p J g y 4 dy = 7171 ; the volume of the right 

circular cylinder formed by revolving PQ about the 
y-axis is V 2 = 7rx 2 y/kx => the volume of the solid 
formed by revolving R 2 about the y-axis is 


^ P(x,Vkx ) 


V 3 = V 2 - V, = 

ratio of V 3 to V-¿ is 4:1. 


. Therefore we can see the 


(b) The volume of the solid formed by revolving R 2 about the x-axis is V| — j ~ ^V^kt) dt = 7rkf 
= . The volume of the right circular cylinder formed by revolving PS about the x-axis is 

V 2 = 7r í \/kx) x = 7rkx 2 =>• the volume of the solid formed by revolving Ri about the x-axis is 


V, = V, - Vi = nkx 


.2 7rkx 2 7rkx 2 


. Therefore the ratio of V 3 to Vi is 1:1. 


70. y — J'gxdx=g^y)+C=^+C;y = 0 when x = 0 =>■ 0 = yy- + C => C = 0; therefore y = ^ is the 
equation of the cable's curve 

71. x 2 = 4py and y = p =>■ x 2 = 4p 2 => x = ± 2p. Therefore the line y = p cuts the parabola at points (—2p, p) and 
(2p, p), and these points are ^/|2p — (—2p)] 2 + (p — p) 2 = 4p units apart. 
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73. Let y = y 1 - y on the interval 0 < x < 2. The area of the inscribed rectangle is given by 
A(x) = 2x (20Tf) = 4 xy^ 1 — y (since the length is 2x and the height is 2y) 

M) 


=> A'(x) = A\ 1 


/i-i 


Thus A'(x) = 0 => 4Jl 


= 0 4 I 


= 0 => x 2 = 2 




=> x = \/2 (only the positive square root lies in the interval). Since A(0) = A(2) = Owe have that A = 4 

is the máximum area when the length is 2y/~2 and the height is V2. 


74. (a) Around the x-axis: 9x 2 + 4y 2 = 36 => y 2 = 9 


9 v 2 


y = ± -i 9 — | x 2 and we use the positive root 


=* V = 2 lo n (]/ 9 ~i x2 ) dx = 2 /o * ( 9 - ? x2 ) dx = 27r [ 9x - 4 x ' 3 ] o = 247r 

(b) Around the y-axis: 9x 2 + 4y 2 =36 => x 2 = 4 — | y 2 => x = ±74 — ^ y 2 and we use the positive root 


v = 2 /o n (]/ 4 -ly 2 ) d y = 2 fc 7T ( 4 -1 y 2 ) d y = 2?r [ 4 y - á y 3 ] J = 1Ó7r 


75. 9x 2 - 4y 2 = 36 => y 2 = 

= t/ 2 V-4) dx=^ 


2 _ 9x 2 - 36 


4x 


y = ± | i/x 2 — 4 on the interval 2 < x < 4 => V = 7 r (| \Zx 2 — 4 ^ 
1 = x [(y — 16 ) - (| - 8 )] = (f - 8 ) = £ (56 - 24 ) = 247 t 


dx 


76. Let Pi(—p, y i) be any point on x = —p, and let P(x, y) be a point where a tangent intersects y 2 = 4px. Now 

y 2 = 4px => 2y^|=4p => = y ; then the slope of a tangent line from Pi is x y _~ yi ) — ^ = y 

=> y 2 - yyi = 2px + 2p 2 . Since x = ¿ , we have y 2 - yyi = 2p j + 2p 2 =$■ y 2 - yyi = \ y 2 + 2p 2 

=> 4 y 2 — yyi — 2p 2 = 0 => y = 2yi ± ^ 4y ' + 16p = yi ± + 4p 2 . Therefore the slopes of the two 

tangents from Pi are mi = - , 2p , , and m 2 = - , 2p „ , => mim 2 = t— , 4 f , . 2 . = — 1 

° yi + VB + 4p 2 z yi-\/yf+V yí-(yí + V) 

=> the lines are perpendicular 

77. (x - 2) 2 + (y - l) 2 = 5 =* 2(x - 2) + 2(y - 1) £ = 0 =► % = - ; y = 0 => (x - 2) 2 + (0 - l) 2 = 5 

=> (x — 2) 2 = 4 => x = 4orx = 0 => the circle crosses the x-axis at (4,0) and (0,0); x = 0 
=>- (0 — 2) 2 + (y — l) 2 = 5 => (y — l) 2 = 1 => y = 2 or y = 0 => the circle crosses the y-axis at (0, 2) and (0,0). 
At (4,0): 

At (0,0): 

At (0,2): 


^ = — = 2 => the tangent line is y = 2(x — 4) or y = 2x — 1 

= — jpf = — 2 => the tangent line is y = — 2 x 
^ = — = 2 => the tangent line is y — 2 = 2 x or y = 2 x + 2 


78. x 2 ^ y 2 = 1 => x = ± vT+y 2 on the interval — 3 < y < 3 => V = J (y/í + y 2 )” dy = 2 7 r (y/1 + y 2 )" dy 


2jt fo (! +y 2 ) dy = 2n 


y+T 


= 247T 


79. Let y = -i /16 — y x 2 on the interval -3 < x < 3. Since the píate is symmetric about the y-axis, x = 0. For a 


( J 16-1 

vertical strip: ( x , y ) = x, -—— 


length = i /16 — y x 2 , width = dx => area = dA = -i /16 — y x 2 dx 


= dm = 6 dA = Ü\ 16 — y x 2 dx. Moment of the strip about the 


x-axis: 


y dm = 


_ V 


16-x 2 


($\J 16 — y x 2 ^ dx = 6 (8 — 5 x 2 ) dx so the moment of the píate about the x-axis is 
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M x = /y dm = J“ 8 (8 — | x 2 ) dx = 6 [ 8 x — ^ x 3 ] = 32 6; also the mass of the píate is 

M = J 16 -|x 2 dx = J 48 yj 1 — (5 x ) 2 dx = 48 J 3 \/1 — u 2 du where u = | => 3 du = dx; x = —3 

=> u = — 1 and x = 3 =>■ u = 1 . Henee, 48 J 3\/l — u 2 du = 12 é J | \J 1 — u 2 du 

u^j = Ó 7 t <5 => y = ^ = m = ||. Therefore the center of mass is (0, ||) . 


= 12 8 


u z + sin 


-1 


80. y = ^x 2 + 1 =* g | (x 2 + !) 1/2 (2x) = 


V* 2 + 1 


£) =* a/1 + (&) =a/1 + 


X 2 + 1 


- . /?4±i =► s = 

+ 1 


u = a/ 2 x 
du = v^2 dx 


Jo^ 2?r y\/ 1 + (lj dx = ]/¥rr dx = X^W2x 2 + l dx; 

^ J o Vu 2 + 1 du = JL [i (u^u 2 + 1 + ln (u + \/u 2 + l)) 


J0 = 75 [2^ + in (2+^/5 


81. (a) 


(b) 

(c) 


tan ¡3 — m L => tan ¡3 — f'(xo) where f(x) = i/4px; 


f'(x) : 

_ 2p 

yo 


: 1 (4px) -1 / 2 (4p) 
=> tan ¡3 = — . 

' yo 


2p 

\/4px 


=» f'(x 0 ) 


tan a = 


tan — tan ¡3 _ ’ 

( yp _ 
^ x o-P 

— 1 
ypj 

1 

1 + tan (f) tan (3 1 + | 

1 yo > 
^ x o-pJ 

11 

^2p\ 

^yp/ 


2p 

i/4pxo 


Yo ~ 2p(x 0 -p) _ 4pxp - 2pxp + 2p 2 _ 2p(xp + p) 2p 

yo(xp-p + 2p) — yo(xp+p) — yo(xp + p) — yp 



11.7 CONICS IN POLAR COORDINATES 

1. 16x 2 + 25y 2 = 400 =4- ^ + |g = 1 => c = \/a? — b 2 
= ^25 - 16 = 3 =» e = l = l ; F ( ± 3,0); 

directrices are x = 0 ± - = ±tIy = ± = 
e (!) 3 


2. 7x 2 + 16y 2 = 112 => yi + ^- = 1 => c = \/a 2 - b 2 
= a/ 16 — 7 = 3 =* e= | = |;F(±3,0); 

directrices are x = 0 ± - = ± -Ar = ± 

e (1) 3 



y 
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9. Foci: (0, ± 3), e = 0.5 =4 c = 3 and a = § = ¿ = 6 =4 b 2 = 36 - 9 = 27 =4 ^ + ¿ = 1 

10. Foci: ( ± 8,0), e = 0.2 =4 c = 8 and a = | = ^ = 40 =4 b 2 = 1600 - 64 = 1536 =4 ifgo + 1556 = 1 

11. Vértices: (0, ± 70), e = 0.1 =4 a = 70 and c = ae = 70(0.1) = 7 =4- b 2 = 4900 - 49 = 4851 =4 4551 + 4555 = 1 

12. Vértices: ( ± 10,0), e = 0.24 =4 a = 10 and c = ae = 10(0.24) = 2.4 =4 b 2 = 100 - 5.76 = 94.24 =4 m + 9^4 = 1 

13. Focus: 0^ , Directrix: x = -^ =>• c = ae = y/5 and | = -^ =4 p = ^ =4 ~ =4 e 2 = | 

=► e=#. ThenPF=^PD =4 ^(x --^ 5 )' + (y - O) 2 = ^ |x -| =4 (x - + y 2 = § (x - -^) 2 

=4 x 2 -2^5x + 5+y 2 = §(x 2 -i|x+^) =4 í x 2 +y 2 =4^ f+ ¿ = 1 

14. Focus: (4,0), Directrix: x = y =4 c = ae = 4 and | = y =4 p = y =4 p = y =4 e 2 = | =4 e = yP Then 

PF = // PD =4 y/(x - 4) 2 + (y - O) 2 = ^ |x - f | =4 (x - 4) 2 + y 2 = |(x - f ) 2 =4 x 2 - 8 x + 16 + y 2 

-4i x ~ y x + y) ^ 4 x +7 - y (fy+(f) - 1 

15. Focus: (—4,0), Directrix: x = —16 =4- c = ae = 4 and | = 16 =4 p = 16 =4 y = 16 =4 e 2 = ¡j =4 e = |. Then 

PF = \ PD =4 y/(x + 4) 2 + (y - O) 2 = i |x + 16| =4 (x + 4) 2 + y 2 = \ (x + 16) 2 =4 x 2 + 8x + 16 + y 2 

= |(x 2 + 32x + 256) =4 | x 2 + y 2 = 48 =4 g + g = 1 

16. Focus: ^—y/2, 0^ , Directrix: x = —2y[2 =4 c = ae = y/2 and | = 2 y/2 =4 p = 2y/~2 =4 pP = 2y/~2 =4 e 2 = 4 

=4 e = Jj . Then PF = ^ PD =4 yj (x + y/l)' + (y — O) 2 = ^ |x + 2y/l\ =4 (x + y/l} + y 2 
= i (x + 2a/2) 2 =4 x 2 + 2y/2x + 2 + y 2 = ¡ (x 2 +4y/2x + 8^ =4 i x 2 + y 2 = 2 =4 f ¿ = 1 
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17. x 2 - y 2 = 1 => c = /a 2 + b 2 = VT+T = y¡2 => e = ^ 


= /2 = ^/2; asymptotes 
directrices are x = 0 ± - = 

e 


are y — ± x; F 



(± y/2,o) ; 


18. 9x 2 — 16y 2 = 144 => ^ \ ^ => c = y/a 2 +b 2 

= y^ló + 9 = 5 +■ e = - = |; asymptotes are 
y — ± | x; F ( ± 5,0); directrices are x = 0 ± - 

= ±T 


19. y 2 


= 1 => c — \/a 2 +b 2 


— a/8 + 8 = 4 => e = | = = y/2 ; asymptotes are 

y = ± x; F (0, ± 4); directrices are y = 0 ± | 

— ± ^ — ±2 

“ a/5 “ ±Z 


20. y 2 — x 2 = 4 => / — / = 1 => c = \/a 2 + b 2 

= a /4 + 4 = 2 y/2 => e = | = = ,/2; asymptotes 

are y = ± x; F ^0, ± 2y/~2^ ; directrices are y = 0 ± | 

= ± T2 = ±V ^ 



// 

/si' 

1 

<o|' 

= i 

6 


4 

X .2 

T\ 


" 10 "/-/ 

""'-2 


-4 


-6 





21. 8x 2 - 2y 2 = 16 +> f - ¿ = ! +> c = y/a^+b 2 


= ^2 + 8 = y/YÓ => e = | 
are y = ± 2x; F ^ ± \/Io,0j 


- i / 2 :+ , |; 

“ a/ 5 - vdo 


= V y^ 0 = 1/5 ; asymptotes 
; directrices are x = 0 ± - 

’ e 
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22. y 2 - 3x 2 = 3 +> ¿ - x 2 = 1 +> c = \J a 2 + b 2 
= \J 3 + 1 = 2 +> e=| = -^; asymptotes are 

y = ± y/3 x; F (0, ± 2); directrices are y = 0 ± | 



23. 8y 2 - 2x 2 = 16 => ¿ - f 
= y/2 + 8 = y/lO => e = 

are y = ± § ; f(o, ± y/Tó) 


= 1 =>■ c = y/a 2 + b 2 
l = ^ = y/5 ; asymptotes 
; directrices are y = 0 ± | 


_ + _ + _ 2 _ 
“ + - ± vTo 


24. 64x 2 - 36y 2 = 2304 +> g - g = 1 +> c = y/a 2 + b 2 
= y/36 + 64 = 10 +> e = | = ^ = |; asymptotes are 
y = ± | x; F ( ± 10,0); directrices are x = 0 ± | 


y 




25. Vértices (0, ± 1) and e = 3 => a = 1 and e = 5 = 3 => c = 3a = 3 => b 2 = c 2 — a 2 = 9 — 1 = 8 => y 2 — y = 1 


26. Vértices ( ± 2,0) and e = 2 => a = 2 and e=^=2 => c = 2a = 4 =+ b 2 = c 2 — a 2 = 16 — 4=12 =+ ^ — |^ = 1 

27. Foci (±3,0) and e = 3 =+ c = 3 and e = = 3 +> c = 3a => a=l =+ b 2 = c 2 — a 2 = 9 — 1 = 8 => x 2 — y = 1 

28. Foci (0, ± 5) and e = 1.25 => c = 5 and e = | = 1.25 = | +> c = | a =+ 5 = | a =+ a = 4 =+ b 2 = c 2 — a 2 

= 25 — 16 = 9 =>■ g - f = 1 


29. e=l,x = 2 => k = 2 => r = 

30. e=l,y = 2 +> k = 2 +> r = 


2 ( 1 ) 


32. e = 2, x = 4 +> k = 4 => r = 

33. e= 5 ,x=l => k = 1 =+ r = 


1 —|— (1) eos 9 

1 +cos 6 

2 ( 1 ) 

2 

l+(l)sin 0 

1 +sin d 

_ 6(5) 

30 

1 — 5 sin 6 

1-5 sin 6 

4(2) _ 

8 

1+2 eos 6 

1+2 eos 6 

. (1)0) 

1 


1 +( 5 ) cose 2 +cos 6 
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34. e = 1, x = —2 => k = 2 => r = , ( M <2) _ = 

4’ 1 — ( 4) eos 9 4—eos t 


35. e = i y = -10 k = 10 r = , ( ^ ( , 1W 0 = 

5 J 1 - (j) sinfl 5—sin 


36. e = 1, y = 6 => k = 6 =>■ r = „ = ,,' 6 H 

3 ’ J 1 + (j) sin 8 3+sin 8 


37. r = 


i 


1 + eos 6 


=>■ e = 1 , k = 1 => x = 1 


38. r = 


2 +cosí? l + (|)cosf? ^ 2 


=>■ e=i,k = 6 =$■ x = 6 ; 


a(l-e 2 )=ke = 2 - a j^l — (|)‘ 
=> a = 4 => ea = 2 


= 3 => 7 a = 3 


39. r = 


25 


10 — 5 eos 6 
1 


=> r = 


(i 


(i) 


1 — (^>) eos 6 1 — (|) eos 6 

=> e=i,k = 5 => x = —5; a (1 - e 2 ) = ke 


1-ü) 5 


3 „ _ 5 ^ „ _ 10 

4 a 2 ^ a — 3 


ea = | 


40. r = 


2—2 eos í 


=> e = 1 , k = 2 =>■ x — —2 


41. r = 


400 

16 + 8 sin 6 
1 


=> r = 


/400\ 

V 16 ) 

l + (i) sin 8 


25 


1 + (|) sin 6 


e = |, k = 50 =4> y = 50; a (1 — e 2 ) = ke 


i-ür 


= 25 => | a = 25 => a = 


=> ea = 


50 

3 


y 



y 



y 



y 



y 
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42. r = , l 2 . , 

3 + 3 sin 6 


^ r — 1 + sin f? e — P 


k = 4 =>• y = 4 


43. r = 


=>■ r = 


=> e = 1, 


k = 4 => y = -4 



45. r eos (9 — |) = \/2 => r (eos 9 eos | + sin 0 sin |) 

= \/2 => ^ r eos 0 + ^ r sin 9 = yfl => x + y 
= ^/2 =>■ x + y = 2 => y — 2 — x 




47. r eos {9 — y) = 3 => r (eos 0 eos / + sin 9 sin y) = 3 
=>• — ^ r eos 0 + ^ r sin # = 3 => - 5 X + ^y = 3 
=>■ —x + y/3 y = 6 => y= 2 yX + 2y/3 
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49. y/2 x + \¡2 y = 6 =>■ /l r eos #+\/2rsin0 = 6 =>■ r ^ ^ eos # + ^ sin 0^ =3 => r (eos | eos 9 + sin | sin 9 ) 
= 3 => r eos {9 — |) = 3 

50. x — y = 1 => y/3 r eos 9 — r sin 9 = 1 => r eos 9 — | sin 9^j — -( => r (eos | eos 0 — sin | sin 0) 

= i =* reos (0+|) = i 

51. y = — 5 =» r sin 0 = —5 =>■ —r sin 9 = 5 => r sin(-0) = 5 => r eos (f — (-0)) = 5 => r eos {9 + |) = 5 

52. x = —4 => r eos 9 = — 4 —r eos 0 = 4 => r eos (1 9 — n) = 4 

53. 54. 





57. (x — 6) 2 + y 2 = 36 => C = (6,0),a = 6 58. (x + 2) 2 +y 2 =4 => C = (-2,0),a = 2 

=> r = 12 eos 9 is the polar equation => r — —4 eos 9 is the polar equation 
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59. x 2 + (y - 5) 2 = 25 => C = (0,5), a = 5 
=> r = 10 sin 9 is the polar equation 



61. x 2 + 2x + y 2 = 0 => (x+ l) 2 +y 2 = 1 
=> C = (m, 0), a = 1 => r — —2 eos 9 is 
the polar equation 





63. x 2 + y 2 + y = 0 => x 2 + (y + i) 2 = \ 

=> C = (0, — , a = \ =>■ r = —sin 8 is the 

polar equation 



65. 


y 



60. x 2 + (y + 7) 2 = 49 => C = (0, -7), a = 7 
=> r = —14 sin 8 is the polar equation 

y 



62. x 2 - 16x + y 2 = 0 => (x - 8) 2 + y 2 = 64 
=>• C = (8,0), a = 8 => r = 16 eos 9 is the 
polar equation 

y 



64. x 2 +y 2 - f y = 0 =*• x 2 + (y - |) 2 = | 

=> C = (0, |) , a = | => r = | sin 9 is the 

polar equation 



66 . 
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